WHEN the President invited me to open a discussion on the general affections of the skeleton and to attempt a classification, I suspect he hardly realized the magnitude of the task. Some indication of the difficulties encountered is given by the fact that more than fifty affections have had to be considered and the latest theories as to the causation of each carefully studied. It seemed best to adopt the usual method and classify them according to their ietiology when this is known. Those of unknown origin are placed in two groups, according to whether they are congenital or acquired. Isolated cases in the literature which it is difficult or impossible to place in any one of the groups tabulated have, for the most part, been discarded. No doubt the classification submitted will be considered open to criticism; certainly it will have to be modified in years to come, as a result of further research. Since many of the affections with which we are concerned to-day are met with in the growing child and are associated with various errors in the formation and maintenance of the bony skeleton, it is desirable that something should be said as to the various factors involved in the development of normal bone. Anything approaching a comprehensive summary of all the facts and theories is out of the question.
Any step in the process and any one or more of these interacting factors may be at fault, and, as a result, produce one of the many abnormal types which are now recognized. Besides the above, however, other possible causes have to be considered. In certain blood and lymphatic diseases the medullary reactions may be sufficiently marked to distort the X-ray shadows cast by the bones. In other cases widespread bone changes are the result of specific infection or certain toxemias. Some malignant growths tend to metastasize in the bone. In many of the developmental errors, although it may be apparent which step in the growth process has gone astray, we do not know why the fault has occurred. The possibility that the fault in some cases lies in the ovum itself cannot, I think, be ignored. It is rather amazing how very true to type the bones grow, and this normal growth can, to a large extent, occur even in the absence of the normal stresses and strains to which a bone is submitted during growth. Last year, at Cambridge Dr. Fell showed the members of the British Orthopaedic Association a chick femur, cultivated in vivo, which had not only grown, but had actually developed condyles, in spite of the fact that it was entirely isolated. If this can happen it is surely possible for a femur, of an achondroplasiac, for instance, to mean from the first to develop the shape and form peculiar to this condition; and there is no necessity to seek for a factor which has disturbed the growth which had every intention of following normal lines. It is a striking fact that the skeleton of achondroplasiacs, with very few exceptions, is singularly true to type.
We cannot leave this point without referring to the theory of Professor Murk Jansen, whose recent death has been a source of grief to his many friends in this country. Jansen [1] suggested amniotic pressure as the cause of many of the recognized developmental errors, the particular type produced depending on the moment in foetal life at which the pressure became injurious, the parts exhibiting the most active growth at this moment being chiefly affected. Though deeply impressed by the ingenuity with which the author of this theory, with his great knowledge of embryology, made it account for so many different conditions, surgeons in general have not accepted it. The same author was inclined to classify the osseous dystrophies according to the part of the bone showing the chief changes, e.g. epiphysial dysostosis, metaphysial dysostosis, &c. This is useful only up to a point, and with a limited number of affections. It must be remembered that, though the epiphysis of to-day is the epiphysis of to-morrow, the metaphysis of to-day is the diaphysis of to-morrow. Thus an abnormal diaphysis may result either from a comparatively recently acquired disease or may indicate a metaphysial error in the past, even though the latter now shows a strong tendency towards normal growth. In his recent Hunterian Lecture, which by his courtesy I was able to read in manuscript, Brailsford discussed these general affections of the skeleton under eight headings, some of which were single affections while others included a number of diseases.
There are two more points before we pass on to consider the classification I venture to submit. The first is the tendency of so many of the conditions in this list to appear in three different ways. There may be a single lesion (focal), there may be several (multiple focal), or the disease may be more or less generalized. This is true not only of exostoses, cartilage-tumours, and cvsts, but also of such conditions as marble bones, osteitis deformans, gigantism, and even of the metaphysial and disc changes seen in those resulting from metabolic errors. In the case of some of these conditions we know nothing as to the causation whether the lesions be single or multiple, while in the case of others, renal rickets for instance, we know that all the bone lesions, whether few or many, are due to the same cause. In fibrocystic disease, however, though the lesions in the focal types, single and multiple, are similar to those found in the generalized form of the disease, it is only of the last that the cause is known. No doubt time will provide answers to many of the questions.
The second point to which I wish to allude is the frequency with which the lower ends of the radius and ulna are strikingly affected in these cases of generalized disturbance of skeletal growth. The ulna is usually more affected than the radius, particularly in the direction of reduction in length. The fibula is very much less frequently picked out. GENERAL I now pass to the consideration of the classified list of skeletal affections. The greatest difficulty has been encountered in deciding whether a certain published case or cases deserved a separate beading. I have no doubt whatever that no two men would arrive at identical lists, nor that any one man would fail to alter his list if he reconsidered the whole subject again after an interval of a few months. In many cases the wtiology is a matter of dispute among those best fitted to express an opinion.
I now venture to call your attention to a few points of interest about a limited number of these affections, those which I think are particularly open to discussion.
CONGENITAL DEVELOPMENTAL ERRORS
Osteogenesis imperfecta.-Some eight years ago [2] I briefly described a type of this disease distinguisbed by marked honeycombing of the bones, and I published skiagrams of a case, in a female child. I then pointed out that while a certain amount of vacuolation at the ends of the long bones was not uncommon in osteogenesis imperfecta, particularly in some of the older cases, in the case reported the honeycombing was very striking, and was not confined to the metaphyses. It is now possible to show a later series of skiagrams of this case and to report that investigations of the blood have failed to show any sign of calcium imbalance. The child has become considerably more deformed. The X-ray appearances are quite different from those of generalized fibrocystic disease and I have ventured to give the condition the name of "osteogenesis imperfecta cystica."
In the Museum of King's College Hospital is a skeleton displaying a similar cystic condition with many fractures. So far I have failed to find a case of this type in the literature.
Osteopetrosis or marble bones is a subject worthy of more discussion than we can give to it here. The outstanding feature is the density of the bone to X-rays: in some the bone is as hard as marble, in others it is more friable and chalky. Fractures when they occur, are sharp and always more or less transverse, but they are not a very marked feature of most of the cases. It may affect one bone or even only a part thereof, a few bones, or it may be generalized. Putti [3] was, I think, the first to describe, in 1926, cases with a very limited distribution, under a title which the French translate into os eburne. In the multiple focal type the changes are not uncommonly confined to one limb, though all the bones of the limbs are not affected, nor does the whole of a bone necessarily show the abnormal density.
LUri and Joanny in 1922 [4] described this condition under the title of M6lorh6ostose, since the distribution and outline of the dense hone suggested to them the drippings of a candle. Cases showing this limited distribution are commonly spoken of as of the LUri type. The special features of this class, apart from the irregular and limited distribution of the dense patches are changes in the cortical outline of the bone and the presence of pain. The affected part of a bone in this type is often, but not invariably, enlarged irregularly, producing an undulating outline. It is not clear whether the pain is caused directly by the changes in the bone or by secondary arthritis. Limitation of movements in the joints of the affected limb appears to be common. Lastly we have the generalized type. Even in this the appearances vary considerably. The bones may be almost uniformly dense but with the metaphyses more dense than the diaphyses and often enlarged or " clubbed," or the reverse may be the case. Dense and less dense bands may alternate in the bones, and rings of varying density be seen in the tarsal and carpal bones. No doubt the disease may remit or be complicated by rickets. Widespread calcinosis affecting the soft tissues-including the kidneys-may be present.
There seems to be, on the one hand, cases with the chief changes in the skeleton and with little evidence of calcinosis in the soft tissues, and, on the other, cases with marked general calcinosis, the bones being relatively little altered.
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This may remind us of the cases of osteogenesis imperfecta without blue sclerotics, and of those with blue sclerotics but without fragility of the bones. This is a serious affection with two grave complications, viz., optic atrophy and anmmia. Enlargement of the spleen and liver has been found in some. Wakeley's [51 case in which only the legs were affected, and these only partially, seems to be a link between the second and third groups described above. A recent experience is of some interest. A child suffering from acute arthritis of the hip was discovered to have generalized osteopetrosis of a somewhat mild type. Her mother, on radiographic examination, showed the very slightest trace of the disease. This is best seen in the hands, where a faint dark band is seen near the base of the phalanges and in the necks of the metacarpals. Somewhat similar bands have been described as a result of poisoning by lead, phosphorus and even bismuth [6] .
With regard to diaphysial aclasis and dyschondroplasia there is an entirely unjustifiable tendency to confuse them, or to regard them as two manifestations of the same fundamental error. In the first the errant cartilage, which duly becomes ossified, is situated on the surface of the bone, while in the latter it forms masses within the metaphysis. The first rarely affects the hands and feet, the latter almost invariably does so. The first is commonly hereditary, the latter is not. Only in very rare cases can there be any doubt as to which of the two conditions is present. The latter affection has been admirably and comprehensively dealt with in a recent paper by Hunter Buxton [10] and Lightwood [11] . This condition appears to deserve a title, and I suggest "epiphysial dysplasia puncticularis." For the last word I am indebted to Dr. Still, to whose classical knowledge I turned for assistance. It is interesting to note that in Lightwood's case the patient died and the bones were examined by Professor Harris-who, in his book on " Bone-growth " [12] describes mucoid degeneration as present in the epiphyses, and he says that the fundamental changes are similar to those found in achondroplasia, in cases of which he also found mucoid degeneration of the cartilage. Microscopic sections published by Jansen [13] of a case with gross irregularity of all the epiphyses appear to me to show a similar change. At present it would be unwise to go further than noting these interesting findings. Cartilage which fails to follow the normal course of development might be expected to degenerate, whatever the primary cause or causes of the failure. One of the two cases published by me is dead, the other was lost sight of, so the later appearances of cases of this type are still unknown. Bilateral congenital cateract was present in two of the cases.
A condition of striated bones was described by Voorhoeve [14] [20] shows flexed fingers which deviate towards, instead of away from, the midline of the hand. Ossification is slightly advanced. The auricles are convoluted. Herringham and Drysdale [21] described cases which were apparently normal at birth, but later acquired the shortness of the limbs, with stunted fingers parallel to each other. The published radiogram of the hand is not unlike that seen in chondro-osteo dysplasia. The hereditary factor is well marked. The head is normal.
As to cranio-cleido-dysostosis, I would again call attention to absence of ossification in the pubis in childhood. In a small collection of eight cases, all the children, seven in number, show this peculiarity, one being a boy with unilateral dysostosis of the clavicle with unilateral coxa vara of the infantile type on the same side. Both pubes were unossified in this case. His mother had both clavicles affected and a pelvis normally ossified. His sister is a bilateral case and is included in the seven children showing delayed ossification of the pubis. Two of the eight cases showed bilateral and two unilateral coxa vara; of the latter, in one both clavicles were deficient and in the other only one. A radiogram of the pelvis wouild seem to be occasionally of diagnostic value. Laming Evans [22] reported absence of the tibia associated with absence of ossification in both pubes, but this is the only case of deficient pubes I have met with apart from clavicular dysostosis.
Arachnodactyly is regarded as a very rare condition, but H. Churchill, recently a medical officer at Treloar Hospital, Alton, was able to collect five cases in the Hampshire Clinics. Besides the long, slender shape of the bones, particularly of the hands and feet, the chief features appear to be general weakness and laxity of the ligaments, in some cases allowing dislocation to occur. In two of Churchill's five cases the patients were so weak that they were unable to stand. Four showed eye changes, dislocation of the lens, strabismus, or tremulous irides. Radiographic examination of the head in four of the cases showed a normal pituitary fossa. The condition may be inherited and familial.
ACQUIRED AFFECTIONS OF UNKNOWN ORIGIN
The multiple focal type of fibrocystic disease is placed in this group since at present the cause is unknown.
The distribution may be uni-or bi-lateral. Two cases affecting almost exclusively one side of the body have been reported by me [23] . [26] ).
General West [27] showed a case and the skiagrams of another before this Society last year. I am permitted to show you slides of one of these, which demonstrates well the wide distribution of the small oval dense spots in the bones which characterize this curious affection.
ERRORS OF METABOLISM
Osteomalacia has been moved into this group from that due to endocrine troubles. It is now regarded by Shipley [28] and others as no more than rickets occurring after the cessation of growth, and curable by the same means. Osteomalacia sclerotica (Boomerang bones), in which softening and deformity are followed by sclerosis, appears to be more common in the native races in various parts of the globe than in Europeans. Parsons [29] describes three types of r-enal rickets, the "atrophic,"
" florid" and " woolly " respectively, and says that light is useless and may make matters worse, quite apart from the risk of uraemia. I have seen and published [30] a case where the bony changes cleared up under light treatment, but later relapsed, only to respond again to a further course of treatment. However, I understand there is a definite risk attached to this line of treatment. With regard to the severe deformities towards the ends of the long bones, only seen in my experience in the severe and advanced cases, these may be due either to a juxta-epiphysial fracture (partial or complete) or to a true slipping of the epiphysis. The exact nature of the changes in the bones, and the cause thereof, are matters of dispute, and this question cannot be discussed DOW. Deficient excretion by the kidneys and the resulting retention of certain products is the explanation suggested (Gard'iner Hill [31] [32] for being able to show a set of radiograms of her remarkable case of osseous dystrophy following icterus neonatorum.
The essential pathology of Schiiller's and Gaucher's diseases seems to depend on a reticulo-endothelial response to the presence in excess of certain lipoids. These appear to be the only two of this group of diseases that show definite changes in the bones. In the former the skull is particularly affected; epidural granulomatousnodules occur and cause absorption of the overlying bone, with a resulting characteristic radiographic picture. Exophthalmos and diabetes insipidus complete the clinical picture. Gaucher's disease, on the other hand, is a familial affection, and associated with marked enlargement of the spleen. The extent to which the bones are affected in this disease varies. An excellent and exhaustive paper on "Skeletal Lipoid Granulomatosis" has just been published by Fraser [33] . (I am indebted to Professor Woodburn Morison, and Mr. Buxton for slides of these two conditions. Professor Morison has also kindly given me slides of the skull from cases of fibrocystic disease and of myelomatosis, which I show you with one of osteitis deformans for comparison.) It is interesting to note that Theiler [341, regards rickets and osteomalacia in animals as the same disease at different ages, while he also includes osteo-dystrophia fibrosa (fibrocystic disease) in the affections due to dietary errors. He points out the striking differences to be seen in the response of various species of animals to similar dietary deficiencies, and in the incidence of these three affections in different species. Horses seem to be particularly prone to fibrocystic disease, which in them is definitely a dietary disease. At present there is no evidence of parathyroid disturbance in them. Colonel Hamerton tells me that experience at the Zoological Gardens confirms Theiler's views. It will be best for me not to attempt to discuss the remaining groups. It is highly probable that that due to endocrine errors and perhaps others, will be dealt with by the next speaker. I should like, however, to call attention to the skiagrams of a case of hypertrophic osteo-arthropathy following a sarcoma of the tibia. It will be noted that the subperiosteal new bone is laid down intermittently-as if fairly regular waves of increased toxaemia had occurred-with the formation of a number of regular lines parallel to the surface of the cortex. As to the secondary malignant tumours of bone, it is worth calling attention to the useful classification of Hellner. He divides them into the following four groups, according to the radiographic appearances (1) Osteolytic (breast or hypernephroma).
(2) Cyst-like decalcification (bypernephroma or thyroid). In the sttudy of calcium netabolism it is necessary to know not only the levels of calcium and phosphorus in the blood, but also the calcium and phosphorus balance; for just as the level of a river does not indicate the direction in which it flows, so the levels of the figures in the blood give us in themselves no indication as to whether calcium is flowing into excretory channels or into the tissues. In what follows I refer repeatedly to my own observations, mainly because I have used a systematic method for investigating calcium metabolism which allows of comparisons between different patients and diseases.
